Introduction: Bone formation marker osteocalcin (OC) and bone resorption marker C-terminal telopeptide of type 1 collagen (CTX) can be used to detect or to monitor the early responses of the skeleton to physical activity. Literature suggests that it is likely that higher body mass index (BMI) has positive effect on bones and can postpone onset of osteoporosis.
Introduction
A Bone remodeling involves two continuous processes that occur as a result of body weight and physical activity: bone resorption and bone formation. These two processes are essential in maintaining skeletal homeostasis. Physical deformation of the bone cells, achieved by physical activity, is essential for maintenance of bone strength. Bone adapts its form to meet the physical demands placed on it by changing its size and density. 1 The body weight and potential energy from the earth's gravity will pass through the bones and joints, forcing the bones and joints in the legs to bear the whole body weight and causing the leg muscles to contract more as they try to maintain balance. This stimulates activity of bone cells (osteoblasts) and the compression on the bones increases the process of mineralization of the bones.
2-4 Muscle contraction is a major force that have great influence on bone mineralization. The effects of exercise on the bones is assessed in terms of physical strain such as the weight of the ground against the body standing on it, i.e. ground-reaction force, or muscle contraction forces on a particular area of bone. 5, 6 Weight bearing activity is essential for normal development and maintenance of bone health. 7 Even though swimming is not a weight bearing activity, Derman and colleagues found that swimmers have a higher bone mineral density compared to the control group. It is believed that the main reason for this is that they usually exercise with small weights and a lot of repetition, which may be sufficient stimuli to increase bone metabolism. 8 There is a close relationship between metabolic bone markers and bone mineral density (BMD); for example, osteocalcin is significantly correlated with BMD in postmenopausal women with osteoporosis. 9 Among the metabolic bone markers, C-terminal telopeptide of type 1 collagen (CTX) is shown to be more sensitive and more specific to bone resorption than other conventional measurements, such as urinary hydroxyproline and urinary calcium excretion. 10 Besides, bone turnover markers can be indirectly used to detect or to monitor the early responses of the skeleton to weight-bearing exercise. 11, 12 Biochemical markers are very sensitive to physical activity: their progressive increase occurs 30 minutes from the beginning of exercise (up to 45-50%). 13 Body mass index (BMI) is a parameter that determines the health risk. Specifically, correlation between BMI and the onset of osteoporosis has been the subject of many studies. For example, Coin and colleagues came to the conclusion that the values of BMI<22 in young adults may carry a higher risk of the onset of osteoporosis in older age, especially in women.14 Hence, literature suggests that it is likely that higher BMI has a positive effect on bones (and therefore reduced risk toward osteoporosis). 14, 15 To our knowledge the effect of structured aerobic exercise on bone markers and specifically their relation to BMI (and therefore osteoporosis) in young adults is still not fully understood. According to the position stand on bone health and physical activity of the American College of Sports Medicine (ACSM), moderate-to-high intensity, weight-bearing endurance activities are recommended to help preserve or to increase BMD in adults. 1 The level of BMD in later life is a function of the maximum bone mass attained in early adulthood and of subsequent age-related bone loss, which starts in the fourth decade of life and accelerates in early postmenopausal years in women. [16] [17] [18] De Jong and colleagues sugested that aerobic physical activity is associated with an increase in BMD in a population with an increased risk for osteoporosis. 19 
Aim of the Study
Given the potential benefit of physical activity to bone markers and BMI our aim is to:
1. Determine the effect of aerobic physical activity on bone metabolism markers: osteocalcin (OC), the bone formation marker, C-terminal telopeptide of type 1 collagen (CTX), the bone resorption marker, in young women 2. Investigate correlation of OC, CTX and BMI in young women engaged into structured aerobic excercise
Material and methods
Current study included 64 healthy young women, aged 19 to 25 years, divided into two groups: intervention group (n=32) and control group (n=32). All participant were not involved in any kind of physical activity before entering the study. The research protocol followed the principles of the Declaration of Helsinki regarding biomedical research involving human subjects. All participants provided written consent subsequent to being informed about the research process.
The study duration was six weeks with follow-up period of four weeks. Intervention group underwent 6-week aerobic physical activity. The aerobic exercise program was consisted of 45 min supervised aerobic exercise sessions two times a week. The supervision and exercise guidance was done by highly skilled professional in physical education and sport. The program consisted of:
• step aerobics for ten minutes The collected data were analyzed by statistical analysis by SPSS 17.0.1 (SPSS Inc., Chicago, IL, USA), and statistical significance was set as p<0.05.
Results
At baseline there was no observable difference in age, BMI and bone metabolism markers between intervention (IG) and control group (CG) ( Table 1) . Osteocalcin level in the intervention group was statistically significantly higher after 6-week program compare to the baseline (p<0.001), and after 4-week follow up compare to the baseline (p=0.005). In the control group, there was no significant difference in osteocalcin level (p=0.952).
The statistical analysis showed that the level of CTX in the intervention group was not statistically significantly different (p=0.243) in all tree measurements, nor in the control (p=0.264) in two measurement (Table 2) . Table 2 . OC and CTX in intervention (three measurements) and control group (two measurements)
OC (ng/ml) CTX (ng/ml) 
Values are presented as mean (M) and standard deviation (SD) *Statistically significant difference of OC level at the baseline and after 6-week program **Statistically significant difference of OC level at the baseline and after 4-week follow up

Discussion
It is well known that a young bone adapts better to mechanical stress and physical activity than a mature bone. This means that exercising in early childhood is an important factor in prevention of osteoporosis later in life.7 Peak bone mass is achieved by age 30. 21 Due to these reasons, for our study we chose women between 19 and 25 years old. We wanted to investigate how changes in bone metabolism occur at this age, as well as the dynamics of these changes.
Theoretically, the duration of the human boneremodeling cycle takes about 4-6 months, and the durations of resorption and formation are not evenly divided. The osteoclastic resorption activity (at a specific site) accounted for 3-6 weeks, followed by osteoblastmediated bone formation, which accounted for 5-9 weeks. Hence, a 6-week exercise program is more feasible than a long-term exercise program (e.g., 20-30 weeks) to investigate bone turnover markers rather than bone mineral accumulation. 22 Based on the concept of bone metabolism, bone health can be estimated via biochemical markers of bone turnover other than densitometric indices. 23 The results of the current study showed that the 6-week aerobic program increased level of OC, therefore it had the great impact on bone formation, while the level of CTX did not changed, suggesting that program had no influence on bone resorption. The value of OC after one month of relative resting was higher than at the baseline. This suggests a protective effect of physical activity holds also after the completion of exercising.
The results of previous studies on bone turnover and exercise have been inconsistent. 24, 25 In a study of mice, results showed significant negative effects on serum CTX (exercise caused a quick reduction in bone turnover). Similar results were demonstrated by Klentrou and colleagues. 25 After 12 weeks of exercise, bone resorption marker, N-telopeptide of type I collagen (NTX), decreased by 14.5 % in the intervention group, while there were no significant changes in the osteocalcin levels. 25 Similarly, in the Wen's study, the changes in the serum CTX levels were significantly different between groups after a 10-week step aerobic exercise; the intervention group showed a trend in down regulating bone resorption activity, which was reflected by a reduction of CTX. 22 This is positively benefited to bone formation. The serum CTX level, was in a declining trend after the 10-For underweight subjects (BMI<18.5 kg/m 2 ) of intervention group there was no statistically significant difference in the level of osteocalcin in all three measurements (p=0.903), as well as in overweight (BMI>25 kg/m2) subjects (p=0.067). There is, however, significant increase of OC after the 6-week aerobic program in subjects with normal BMI (p<0.001). Conducted mixed analysis of variance (within groups and between groups) showed that there was no statistically significant interaction of time of measurement and body mass index on the value of CTX (p=0.360) ( Table 3) . 
Values are presented as mean (M) and standard deviation (SD) * Statistically significant difference of OC level in subjects with normal BMI
week step aerobic exercise, suggesting that short term exercise program may likely be effective in preventing bone loss and in enhancing bone formation. 22 Similar results were also obtained by Roghani and colleagues, who found increase in bone-specific alkaline phosphates and decrease in NTX after a 6-week, moderate-intensity (50-60 % HER) aerobic (walking on a treadmill) exercise in postmenopausal women with osteoporosis. 26 However, the findings of Phoosuwan, Kritpet and Yuktanandana 27 were inconsistent with those of Roghani et al.. The study showed reductions in both NTX and bone-specific alkaline phosphatase after a 12-week, weight-bearing yoga training program. These mixed down regulations of bone turnover might be due to disparities in exercise mode and intensity. 22, 26, 27 Adami and colleagues conducted a study that included eumenorrheic women aged 39 to 45 years, without cardiovascular diseases, fractures and other chronic diseases. The intervention group entered 4-weeks exercise program with continuously increasing intensity of exercise. In the intervention group was found a significant increase of 25% in bone formation markers OC and N-terminal propeptide of procollagen I (PINP) compared with the control group. 28 Those results are consistent with results of current study. In Adami's study 28 there was no statistically significant change in serum CTX, nor was in ours.
Mullins and Sinning, however, showed that 12 weeks of resistance exercise for 18 to 30 years old women, lead to a reduction in BAP as a marker of bone formation, whereas osteocalcin was not significantly changed (contrary to our results). Deoxypyridinoline (DPD), bone resorption marker, rose to a higher level than normal. 29 Results similar to ours are demonstrated with study of Jürimäe and colleagues in which OC in rowers, who were preparing for the competition, was increased, whereas the other markers were not significantly changed. 30 In current study the biggest impact of the physical activity on bone metabolism, specifically values of OC, occurred in young women with normal body mass index. In other words, current study has shown that the best effects of physical activity on bone can be expected in women with normal BMI. A similar results had Cui and colleagues 15 , suggesting that a normal BMI can be protective factor against osteoporosis. While other studies showed negative correlation between osteocalcin and BMI, [31] [32] [33] even that obese women had lower prevalence of osteopenia and osteoporosis compared to normal weight subjects. 31 
Conclusion
This research showed that aerobic physical activity increases level of osteocalcin, suggesting that it has positive influence on bone formation in young women, primarily in women with normal BMI. This results could be used as a framework for making program for osteoporosis prevention.
Current study had some limits that need to be mentioned. This was a short-term intervention study that focused on the changes of bone metabolic markers. In the future study should consider longer follow up period, to evaluate time frame of OC protective effect. The study should include measurement of BMD and analyze others bone metabolism markers, such as sclerostin, which is a protein that acts as an inhibitor of bone formation. 34 
